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ABSTRACT: The continuous effort to produce more powerful and small electronic device is making the 

controlling of thermal and fluid design process of the cooling system very difficult. Analysing the required data 

for designing a microchannel heat sink cooled by nanofluids also become a challenge. One of these methods of 

data calculation is called “Entropy Generation”, which determines the rate of irreversibility. Since “irreversibility” 

is a measure of the unconventionality to the ideal cases, so it is better to be minimized in all thermal process. In 

this study, the use of nanofluids as a coolant for cooling electronic devices has been studied using entropy 

generation minimization. The advanced mathematical model has been developed for calculating both thermal and 

frictional entropy generation. The investigation was performed for Al2O3 nanoparticles with two base fluids, 

Water and Ammonia. The results demonstrated that in terms of entropy generation and pressure drop, the water 

base nanofluid obtained a (6.45% and 3.89%) reduction, respectively, while for the same Al2O3 nanoparticle with 

ammonia base fluid a reduction of (73.8%) for entropy generation and (65.8%) pressure drop were achieved. 

Furthermore, the optimum channel aspect ratio was (0.31) for all three type of fluid. In addition, ammonia base 

nanofluid reduced the pumping power under the same circumstances by (65%) compared to the pure water as a 

coolant. Based on the results obtained in this study, ammonia base nanofluid should be considered as the future 

coolant for electronic devices cooling systems.  
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INTRODUCTION 

The past decade has seen the rapid development of the high-performance computer chips, also extensive increase 

for requirement of stored data. One of the major challenges in this area of development is the requirement of 

controlling high dissipating heat from these small devices by an effective cooling system. the micro size devices 

have proved to be effective in cooling the advanced electronic devices that employ high speed, high density and 

very large scale integrated (VLSI) circuits. In the four decades since Tuckerman and Pease  completed their 

extraordinary work, researchers have extensively investigated the microchannel heat sink to better understand and 

control the heat transfer and fluid flow phenomena in the channels [1]. While researchers have focused on different 

aspects of the microchannel heat sink system, the most conducted studies have been carried out for investigating 

geometrical shape of channel, fabrication material, and coolant medium [2-15]. Using the general heat transfer 

and fluid flow equation and correlations, they used different new analysis model as a base for their calculation, 

such as entropy generation [16-19]. 

The concept of nanofluid was first defined by Choi and Eastman in 1995 as dilute suspensions of ultrafine particles 

in common liquids, or ‘‘nanofluids’’ [20]. improvement of this kind of fluid is under intensive study in the heat 

transfer community. These researchers have led to use of nanofluid in many applications such as refrigeration 

system solar absorption, nanodrug delivery, nuclear systems cooling, magnetic sealing, heating buildings and 

reducing pollution, energy storage, antibacterial activity, micro reactors, microbial fuel cells [21-30]. Khanafer 

and Vafai presented a critical synthesis of the nanofluid thermo-physical properties variation [31]. They reviewed 

most of the experimental and theoretical data of different models for calculating the thermo-physical properties 

that have been used. They sorted out the most accurate models as per their comprehensive review of previous 

works in this field. They concluded that temperature dependable equations are more accurate for finding thermo-

physical properties of nanofluids.  
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A studied the use of CuO-water nanofluid as a coolant in the microchannel heat sink with 25 parallel 

configurations [32]. Furthermore, they concluded that the nanofluid has less thermal resistance and wall 

temperature. Chein and Huang performed an analytical investigation for finding the approximate thermal 

performance and pumping power of using nanofluids in microchannel heat sink [33]. Water was used as a base 

fluid for CuO nanoparticles, and the results showed that increasing of nanoparticles to base fluid will cause 

increasing of heat transfer in microchannel heat sink. An interesting point in their article was that pumping power 

had not increased. 

A studied the effect of volume fraction of CuO nanoparticle up to 4%. They used a trapezoidal microchannel heat 

sink with the Eulerian two-phase calculation model [34]. They observed higher heat transfer with the two-phase 

model than a single phase. A group researcher carried out a three-dimensional laminar flow and heat transfer 

numerical simulation in order to investigate the performance of the microchannel heat sink [35]. Furthermore, 

they investigated the effect of the Reynold number and type of the nanofluid on the microchannel heat sink heat 

transfer performance the results show that with increasing both Reynold number ranges from 100 to 500 and 

volume fraction of the nanofluids, the heat dissipation effect of the microchannel heatsink significantly improved. 

They conducted that SiC nanofluid is better than TIiO2 in terms of heat transfer performance under the same flow 

rate. 

Microchannel with nanofluid coolant has been used as a new modification and optimization to enhance the 

microchannel heat sink cooling performance. An experimental investigated the microchannel with Al2O3-water 

nanofluids in terms of heat transfer and pressure drop characteristics [36]. The results indicated 7 - 15% higher 

heat transfer coefficient and pressure drop close to the pure water. A study performed an experimental 

measurement for both convection heat transfer coefficient and friction factor of nanofluid, using 1.8% of Al2O3 

nanofluid volume fraction in a rectangular shape microchannel heat sink [37]. The results for the laminar flow 

showed an increase of up to 32% when compared to ordinary water.  

A group researchers reviewed the computational and theoretical contributions of entropy generation due to 

nanofluid flow and heat transfer in a different geometry and regimes [38]. They discussed the thermal nanofluid 

flow effect on the entropy generation rate. The article reviewed four studies related to the entropy generation in a 

microchannel by mean of nanofluids [14, 39-41]. The researchers showed that, in order to improve the system 

performance, more attention is required to entropy generation analysis of heat and fluid flow of nanofluids. Li and 

Kleinstreuer performed entropy generation analysis for laminar flow inside trapezoidal microchannel using both 

CuO-water nanofluid and pure water [39]. The calculation was carried out for different parameter such as, Reynold 

number, inlet temperature, and aspect ratio of the channel. They found that using nanofluid at a low volume 

fraction of nanoparticle could perform more reduction in the entropy generation. In addition, microchannel with 

a high aspect ratio will be beneficial because it has a lower suitable operational range of Reynold number. 

Some researchers have performed an analytical study of entropy generation as a function of fluid friction and 

thermal entropy generation for turbulent fluid flow circular shape microchannel and mini channel [42]. They used 

Al2O3 and CuO nanoparticles with H2O and ethylene glycol (EG) base fluid with a 2% to 6% volume fraction 

range. The results showed that the H2O base fluid caused lower entropy generation than Ethelyn glycol due to 

higher thermal conductivity. Overall, the Cu nanoparticle with both base fluids gave maximum decreasing of the 

fluid friction entropy generation, which were 38% and 35% with H2O and Ethelyn glycol base fluids, respectively. 

Subsequently, the maximum alumina entropy generation minimization rate was 18% and 16% for H2O and 

Ethelyn glycol, respectively. 

Entropy generation method is determining the rate of irreversibility. Since “irreversibility” is a measure of the 

unconventionality to the ideal cases, so it is better to be minimized in all thermal process. The reduction in the 

entropy generation will declare the advantages of the used fluid in the investigation. A studied laminar flow of 

different nanoparticles (Al2O3, CuO and SiO2) in microchannel heat sink using entropy generation minimization 
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method [12]. The investigation carried out for different heat flux and Reynolds number, they concluded that 

increasing heat flus will leads to an increase in thermal entropy generation while Reynolds number increasing will 

increase the frictional entropy generation. The current study will demonstrate the application of entropy generation 

minimization to the rectangular microchannel heat sink for cooling the electronic devices. The mathematical 

model for determining the dimensionless entropy generation in the rectangular geometry channel will be presented. 

All required data analysis will be established to optimize the overall performance for rectangular microchannel 

heat sink. In this study, the performance of microchannel heat sink will be investigated using well-known Al2O3 

nanofluid with two different base fluids (Water and Ammonia) as a coolant by using entropy generation 

minimization calculation model. 

MATHEMATICAL MODELING  

In this study, numerical entropy generation minimization method will be used to carry out the investigation for 

using nanofluid as a coolant in the microchannel for cooling the electronic devices.  

The following assumption will be made for the calculation purpose:  

• Steady-state, incompressible and Newtonian fluid flow. 

• The channel surfaces are smooth, so the effect of the roughness is neglected. 

• The heat flux from the bottom surface is uniform. 

• There is no change in kinetic and potential energies. 

• The fin tip is considered to be adiabatic.  

• The radiation heat transfer is neglected. 

• Constant thermal property of the solid. 

 

Figure 1. Microchannel geometry 

Nanofluid Properties 

The below correlation from Khanafer and Vafai will be used for calculating the nanofluid properties such as 

(density, viscosity, and thermal conductivity) [31]:  

ρeff = 1001.064 + 2738.6191ϕp − 0.2095T (1) 

Ceff =
(1 − ϕp)ρpCf + ϕpρpCp

ρeff

(2)  

μeff = −0.4491 +
28.837

T
+ 0.574ϕp − 0.1634ϕp

2 + 23.053
ϕp

2

T2
+ 0.0132ϕp

3  

−2354.735
ϕp

T3
+ 23.498

ϕp
2

dp
2

− 3.0185
ϕp

3

dp
2

(3) 
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where: 𝑑𝑝: 𝑖𝑠 𝑡ℎ𝑒 𝑛𝑎𝑛𝑜𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 𝑖𝑛 (𝑛𝑚) 

keff

kf

= 0.9843 + 0.398ϕp
0.7383 (

1

dp(nm)
)

0.2246

 

(
μeff(T)

μf(T)
)

0.0235

− 3.9517 (
ϕp

T
) + 34.034 + 32.509 (

ϕp
2

T3
) (4) 

0 ≤ ϕp ≤ 10%  

11 nm ≤ d ≤ 150 nm 

20℃ ≤ T ≤ 70℃  

where:  

μf = 2.414 × 10−5 × 10(
247.8

T−140
) (5) 

Pressure Drop and Pumping Power 

The general Reynolds number equation could be used with average velocity 𝑈𝑎𝑣  and hydraulic diameter for the 

channels as below; 

𝑅𝑒𝐷ℎ
=

𝑈𝑎𝑣𝑒𝐷ℎ

𝑣
(6)  

The average velocity and mass flow of fluid inside channels is given by; 

𝑈𝑎𝑣 =
𝑚.

𝑁𝜌(2𝜔𝑐ℎ)𝐻𝑐

(7) 

�̇� = 𝜌𝐺 (8) 

The hydraulic diameter for the rectangular channel and total number of channels can be determined as; 

𝐷ℎ =
4𝐴

𝑃
=

4 × (2𝜔𝑐ℎ × 𝐻𝑐)

2 × (2𝜔𝑐ℎ × 𝐻𝑐)
(9)  

𝑁 =
𝑊 − 2𝜔𝜔

2𝜔𝑐ℎ + 2𝜔𝜔

(10) 

The accuracy of the pressure drop is significantly affected by the fluid friction factor. The friction factor can be 

calculated using different correlations for laminar and turbulent fluid flow.  

In this study, for laminar fully developed flow, the below well-known equation will be used; 

 𝑓 =
64

𝑅𝑒𝐷ℎ

(11)  

In contrast, for the turbulent fully developed flow, the Filonenko correlation represented in will be used as below 

[43]:  

𝑓 =
1

(1.82 𝑙𝑜𝑔𝑅𝑒 − 1.64)2
(12)  

The experimental data of Kays and London has been used by Kleiner et al. to drive an empirical correlation for 

predicting the entrance and exit losses  for the microchannel in terms of both fin wall thickness and channel width 

as below [44,45]: 
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𝐾𝑐𝑒 = 𝑘𝑐 + 𝑘𝑒 = 1.79 − 2.32 (
𝜔𝜔

𝜔𝑐ℎ + 𝜔𝜔

)

+0.53 (
𝜔𝜔

𝜔𝑐ℎ + 𝜔𝜔

)
2

(13)

 

By using the friction factor and the other parameters, the total pressure drops in the microchannel can be calculated 

using below equation,  

∆𝑃 =
𝜌𝑈𝑎𝑣

2

2
[(𝑘𝑐 + 𝑘𝑒) + (𝑓

𝐿

𝐷ℎ

)] (14)  

Finally, the required pumping power to drive the coolant inside the microchannel can be calculated as; 

𝑃𝑡𝑜𝑡 = ∆𝑃 𝐺 (15)  

Thermal Resistance 

By neglecting the effect of radiation heat transfer, the total thermal resistance in the current case study can be 

defined as the ratio of the finite temperature difference across the heat sink divided by the heat flux; for 𝜃𝑏 =

𝑇𝑏 − 𝑇𝑎 

𝑅𝑡ℎ =
𝜃𝑏

𝑄
  (16) 

𝑅𝑡ℎ =
𝑇𝑏 − 𝑇𝑓

𝑄
+

𝑇𝑓 − 𝑇𝑎

𝑄
(17) 

= 𝑅𝑐𝑜𝑛𝑣 + 𝑅𝑓𝑙𝑢𝑖𝑑 (18)  

where 𝑇𝑏  is the base temperature of the heat sink and 𝑇𝑓 , 𝑇𝑎 are fluid and ambient temperature of microchannel, 

respectively, which can be defined as below; 

𝑇𝑏 = 𝑇𝑎 + 𝑄𝑅𝑡ℎ (19)  

𝑇𝑓 = 𝑇𝑎 +
𝑄

𝑚.𝐶𝑝

   (20) 

Usually, there are two effective types of the resistance to heat transfer in the microchannel heat sink, which they 

are convective and fluid thermal resistance, they can be calculated using below equations; 

𝑅𝑓𝑙𝑢𝑖𝑑 =
1

𝑚.𝐶𝑝

(21)  

𝑅𝑐𝑜𝑛𝑣 =
1

ℎ𝑎𝑣𝐴𝑎𝑓𝑓

(22)  

From the standard Nusselt number equation, convection heat transfer can be calculated as below; 

ℎ𝑎𝑣 =
𝑁𝑢𝐷ℎ 𝑘𝑓

𝐷ℎ

(23) 

The total heat transfers effective area for all the microchannel walls with N number of channels is expressed as 

below; 

𝐴 = 2𝑁𝐿(𝜔𝑐ℎ + 𝐻𝑐𝜂𝑓𝑖𝑛) (24)  

The fin efficiency 𝜂𝑓𝑖𝑛,  which is a measure of the thermal performance of the fin, can be calculated as a function 
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of microchannel length, channel aspect ratio, fin spacing ratio, equivalent thermal conductivity, hydraulic 

diameter and Nusselt number as below; 

𝜂𝑓𝑖𝑛 =
𝑡𝑎𝑛ℎ (𝑚𝐻𝑐) 

𝑚𝐻𝑐

 (25) 

𝑚𝐻𝑐 =
1

𝛼𝑐ℎ
√2𝛽𝑘𝑒𝑞𝑁𝑢𝐷ℎ

(1 + 𝛼𝑐ℎ) (26)  

The required parameter for fin efficiency calculation can be determined as; 

𝐶ℎ𝑎𝑛𝑛𝑒𝑙 𝑎𝑠𝑝𝑒𝑐𝑡 𝑟𝑎𝑡𝑖𝑜 𝛼𝑐ℎ =
2𝜔𝑐ℎ

𝐻𝑐

 (27) 

𝐹𝑖𝑛 𝑠𝑝𝑎𝑐𝑖𝑛𝑔 𝑟𝑎𝑡𝑖𝑜 𝛽 =
𝜔𝑐ℎ

𝜔𝜔

(28) 

𝐸𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡 𝑡ℎ𝑒𝑟𝑚𝑎𝑙 𝑐𝑜𝑛𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝑘𝑒𝑞 =
𝑘𝑓

𝑘
(29) 

If the flow type in terms of laminar or turbulent is known, the Nusselt number correlation could be chosen among 

the provided equations by the researchers in the literatures such as; 

For fully developed laminar flow, Kim and Kim correlation can be used with below expression [46]; 

𝑁𝑢 = 2.253 + 8.164 (

1
𝛼𝑐ℎ

1
𝛼𝑐ℎ

+ 1
)

1.5

(30) 

In contrast, in cases where the fully developed turbulent flow ranges, widely the equation by Incropera will be 

employed [47]; 

𝑁𝑢𝐷ℎ
= 0.023 𝑅𝑒0.8𝑃𝑟

1
3 (31)  

Entropy Generation 

The steady state balance for computational field reduces to; 

ṁin = ṁout = ṁ (32)  

As per the first law of thermodynamics; 

Q − Ẇ = ∑ṁ (hout − hin) (33) 

As per the first law of the thermodynamics with assuming no changes in kinetic and potential energies; 

Q = ṁ (hout − hin) (34)  

where:  

hout = uout + Poutvout (35) 

hin = uin + Pinvin (36)  
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Figure 2. Model control volume 

Then: 

Q = m. [(uout + Poutvout) − (uin + Pinvin)] (37)  

 

Figure 3. Cooling flow properties 

Based on second law of thermodynamics, entropy generation in computational domain is presented as; 

dScv

dt
= ṁ(sin − sout) +

Qfin

Tb

+
Qb

Tb

+ Sgen (38)  

Total heat transfer is equal to both heat conduction of fin’s wall (Qfin) and convection heat transfer from the base 

(Qb) of the fluid, and it is represented as; 

Q = Qfin + Qb (39)  

Then, the entropy generation balance equation (38) will reduce to; 

Sgen = ṁ(sout − sin) −
Q

Tb

(40)  

Integrating Gibb’s equation from inlet to the outlet gives; 

hout − hin = Ta(sout − sin) +
1

ρ
(Pout − Pin) (41) 

By combining Equations (34, 39 and 40), the total entropy generation is represented as; 

Sgen = Q [
1

Ta

−
1

Tb

] +
m.∆P

ρTa

(42) 

Rearranging Equation (42) with considering the θb = Tb − Ta then we get; 
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Sgen =
Qθb

TaTb

+
m.∆P

ρTa

 (43)  

Furthermore, by writing θb =  QRth, the entropy generation rate in Equation (3.55) could be written as; 

Sgen =
Q2Rth

TaTb

+
m.∆P

ρTa

(44)  

where  

Rth: is the total thermal resistance for the microchannel sink (K°/W) 

∆P: is the total pressure drop across the microchannel heat sink (Pa) 

Finally, the total entropy generation for the microchannel Sgen expression will be; 

Sgen =
Q2

TaTb

 .
2αhsC3

LkC1C2

+
ρωchHcUav

3

Ta

 . C4 (45) 

= Sgen,h + Sgen,f 

where the constant C1, C2, C3, and C4 is expressed as; 

C1 = Nαhs(2ηfin + αch) (46) 

Heat sink aspect ratio αhs =
L

2ωch

(47)  

C2 =
1 + αch

αch

(48) 

C3 =
1

NuDh

+
C1

PeDh

(49) 

C4 = [kce + (f
L

Dh

)] (50)  

RESULT AND DISCUSSION 

The detailed calculation has been carried out using three coolant fluids (Pure water, Al2O3- H2O, and Al2O3- NH3) 

with different (Volume flowrate, channel geometry). The calculated thermophysical properties are shown in Table 

1 for all three types of flui d. Water is used with (𝜌 = 997 𝑘𝑔/𝑚3, 𝜇 = 0.000855 𝑘𝑔/𝑚𝐾, 𝐶𝑝 = 4180 𝐽/𝑘𝑔. 𝐾, 

𝑘 = 0.613 𝑊/𝑚𝐾) and substrate material of silicon with (𝜌 = 148 𝑘𝑔/𝑚3). 

Table 1. Thermophysical properties for pure water and 1% volume fraction nanofluids 

Parameter / 

Unit 
H2O 

Al2O3- H2O 

𝜑 = 1% 

Al2O3- NH3 

𝜑 = 1% 

𝑘 (𝑊

/𝑚. 𝐾) 
0.613 0.620 0.6 

𝜌 (𝑘𝑔

/𝑚^3 ) 

997.6

5 
1022 642.6 

𝜇 (𝑘𝑔

/𝑚. 𝑠) 

0.000

855 
0.000818 0.0001515 

𝐶𝑝 (𝑘𝑗

/𝑘𝑔. 𝐾) 
4179 4039 407 

Volume Flowrate 
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Figure 4 shows that minimization of entropy trend will be (6.45%) for Al2O3 - H2O base nanofluid. While, for 

same Al2O3 nanoparticle with Ammonia as a base fluid, the minimization will increase more than water base 

nanofluid by (72.08%). Thus, the ammonia based nanofluid has total entropy minimization of (73.86%) more than 

pure water, which led to increase the heat transfer with the increasing and enhancing the microchannel heat sink 

performance, which clearly shows the advantage of using ammonia based nanofluids in this application. This 

difference can be explained by lower density for Al2O3 - NH3 base than both pure water and Al2O3 water base 

nanofluid. Generally the same minimization of entropy generation by nanofluids concluded by [48, 49]. In 

addition, Saffaripour and Culham experimentally reported the same inverse trend for total entropy generation and 

volume flowrate [50]. 

 

Figure 4. Volume flowrates vs. Total entropy generation 

In addition, the increasing volume flowrate will make other advantages for the flow inside microchannel heat sink, 

which is decreasing fluid thermal resistance. In the current case study, the Figure 5 shows that the increasing mass 

flow will cause decreasing of fluid thermal resistance. This is due to increasing in the temperature difference and 

thus heat transfer, which means the volume flowrate has a direct effect on the microchannel heat sink performance 

which needs to be take into consideration during the designing of microchannel heat sink. Unfortunately, the 

thermal resistance of the Al2O3 - NH3 is more than the others (H2O and Al2O3 - H2O) as a result of less thermal 

properties such as (Specific heat and thermal conductivity) compared to others. However, this augmentation can 

be ignored with high minimization of entropy generation. 

 

Figure 5. Volume flowrate vs. Fluid resistance 

Presser Drop 

Figure 6 shows the relation between Reynolds number and pressure drop across the channel. It is clear that increase 

in the Reynolds number will increase the pressure drop due to the increase of fluid particulars contact with the 

channel walls with longer flow boundary. Furthermore, Figure 6 trend shows the difference in the pressure drop 

of the nanofluids as compared to pure water. It is obvious that the new Ammonia based nanofluid has undergone 

much less pressure loss than Al2O3 - H2O nanofluid by maximum of 65.8%, while the water base nanofluid is 

(3.89%) less than pure water. This comes as a consequence of less density for the Al2O3 - NH3 nanofluid compared 

to water base. 
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Figure 6. Total pressure loss vs. Reynolds number 

Channel Geometry 

Figure 7 shows that the entropy generation decreases with increasing channel aspect ratio. The same trend could 

be seen in the Abbassi investigation [51]. This enhancement in the entropy generation will be achieved due to 

increasing heat transfer surface area with increasing the aspect ratio. The minimum point of the thermal entropy 

generation will indicate the microchannel heat sink optimum design point in terms of height and width of channels. 

It can be observed that for the current case study, optimum design channel can be achieved at the aspect ratio of 

(0.31) in terms of getting minimum thermal entropy generation for both nanofluids, but the main difference is 

nanofluid with ammonia has a wide range of aspect ratio near the approximately same entropy generation by 

having more straight relation lines than other two fluids, which allows the designer to have more design points to 

have the approximately same thermal entropy generation. 

Pumping Power 

Figure 8 shows the relation of the coolant volume flowrate to the required pumping power. As shown in Figure 8 

and Table 2 there is an increasing of required power up to (3.55%) in case of using the Al2O3 - H2O instead of 

pure water due to a small increase of fluid density when we compare water with and without alumina nanoparticles. 

Fortunately, in case of Al2O3- NH3 nanoparticle, the case is different because we have a significant reduction in 

power consumption up to (65%) when we add the Ammonia as it is reported by [15]. This also explains the 

different results with the decreasing of power, which is due to the density difference between the nanofluid and 

water. However, while Ammonia base nanofluid will reduce the required pumping power, it will come with a 

little sacrificing, which is the slight increase in the thermal resistance as a compared to other type of nanofluid as 

shown in Figure 9 (same trend is shown by Kliner for power and Thermal resistance) [45]. However, this increase 

can still be justified by the significant reduction of required pumping power. 

 

Figure 7. Channel aspect ratio vs. Total entropy generation 
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Figure 8. Volume flowrate vs. Pumping power 

 

Figure 9. Pumping power vs. Fluid resistant 

Table 2. Required pumping power for each volume flow of the different coolant 

Volume 

flowrate 

cm3/s 

Pumping Power (W) 

Water 
Al2O3 - 

H2O 

Al2O3 - 

NH3 

10 2.6424 2.5394 0.9017 

11 3.2177 3.0935 1.1663 

12 3.853 3.7064 1.4757 

13 4.5511 4.3791 1.8332 

14 5.3112 5.1125 2.2417 

15 6.1350 5.9078 2.7043 

16 7.0234 6.7659 3.2237 

CONCLUSIONS 

The main achieved outcomes can be concluded as below: 

 

1. The alumina nanoparticle with ammonia base fluid (Al2O3 - NH3) achieved better performance of a (73.8%) 

entropy minimization compared to pure water, while the same nanoparticle with pure water has only 

achieved a reduction of a (6.45%) compared to pure water.  

2. There was a wide difference between the pressure loss of pure water and Al2O3 - H2O base nanofluid 

compared to the new utilized nanofluid (Al2O3 - NH3) which can reach up to (65.8%) less pressure drop 

for the same mass flow rate. This led to minimize the required pumping power then improve the system 

performance.  

3. The channel aspect ratio must be considered prior to any microchannel design. In the current case study, 

the optimum design point for all three coolants (H2O, Al2O3 - H2O, and Al2O3 - NH3) in terms of channels 

aspect ratio was (0.31).  
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4. The ammonia base nanofluid can offer a significant amount of pumping power reduction; however, this 

power consumption reduction will be achieved with slight increase in total fluid thermal resistance which 

may reduce the heat transfer, but since the reduction in the pumping power can reach up to (65%), it can 

be considered as a very powerful encouragement to utilize this kind of nanofluid in the microchannel heat 

sinks for cooling electronic devices. 
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Nomenclature 

A Surface area (m2) 𝜇𝑒𝑓𝑓 Nanofluid viscosity (Pa. s) 

P Perimeter (m) 𝑑𝑝 Nanoparticle diameter (nm) 

Rth Thermal resistance (℃/W) 𝑘𝑓 Fluid thermal conductivity (W/m. K) 

Pr Prandtl number  𝑘𝑝 Nanoparticles thermal conductivity (W/m. K) 

Re Reynolds number 𝑘𝑒𝑓𝑓  Nanofluid thermal conductivity (W/m. K) 

Nu Nusselt number 𝑈𝑎𝑣𝑒  Average fluid velocity (m/s) 

Pe Peclet number 𝑣 Kinematic viscosity (m2/s) 

Dh Hydraulic diameter (m) 𝑁 Channel number  

𝜙𝑝 Volume fraction of the nanofluid (%) 2𝜔𝑐ℎ Channel width (m) 

𝑉𝑓 Volume of the fluid (m3)  𝐻𝑐  Channel high (m) 

𝑉𝑝 Volume of the nanoparticles (m3)  𝐺 Channel volume flowrate (m3/s) 

𝑇 Temperature (℃) or (K)  𝑊 Heat sink width (m) 

𝜌𝑓 Fluid density (kg/m3) 2𝜔𝜔 Channel fin width (m) 

𝜌𝑝 Nanofluid density (kg/m3) 𝑓 Fluid friction factor  

𝜌𝑒𝑓𝑓  Nanoparticles density (kg/m3) 𝐿 Heat sink length (m) 

𝑚𝑓 
Mass of the fluid (kg) 

𝐾𝑐𝑒  
Summation of entrance and exit loss of  

the microchannel  

𝑚𝑝 Mass of the nanoparticles (kg) ∆𝑃 Total pressure loss (Pa) 

𝐶𝑓 Fluid specific heat (kJ /kg. K) 𝑃𝑡𝑜𝑡 Total pumping power (W) 

𝐶𝑝 Nanoparticles specific heat (kJ /kg. K) 𝑇𝑎 Ambient temperature (℃) 

𝑇𝑏  Base temperature (℃) 𝜂𝑓𝑖𝑛 Fin efficiency (%) 

𝑇𝑓 Fluid temperature (℃) 𝛼𝑐ℎ Channel aspect ratio  

𝐶𝑒𝑓𝑓  nanofluid specific heat (kJ /kg. K) 𝛼ℎ𝑠 Heat sink aspect ratio  

𝜇𝑓 Fluid viscosity (Pa. s) 𝑘𝑒𝑞  Equivalent thermal conductivity  

𝑄 Heat transfer (W) 𝛽 Fin spacing ratio 

𝑅𝑐𝑜𝑛𝑣 Convective thermal resistance (℃/W) 𝑆𝑔𝑒𝑛  Total entropy generation  

𝑅𝑓𝑙𝑢𝑖𝑑 Fluid thermal resistance(℃/W) 𝑆𝑔𝑒𝑛,ℎ Thermal entropy generation 

ℎ𝑎𝑣  Convection heat transfer coefficient (W/m2. K) 𝑆𝑔𝑒𝑛,𝑓 Friction entropy generation 

 


